This research was carried out to evaluate the performance of eight Egyptian cotton genotypes and their F 1 hybrids under Upper Egypt heat conditions using Line x Tester analysis, during 2016 and 2017 seasons. In addition, to determine the combining ability, heterosis and gene action which control yielding ability and fiber traits. Eight Egyptian cotton genotypes and 15 crosses were evaluated at Shandaweel Agricultural Research Station, Sohag governorate. Analysis of variance indicated that genotypes, parents, crosses and parents vs. crosses were significant or highly significant for all the studied traits, except lint percentage in parents and parents vs. crosses, which were insignificant. The mean squares due to lines or tester (G.C.A.) were significant or highly significant for most of the studied traits. Line x Tester (S.C.A.) main squares was highly significant for most yield traits, while insignificant Line x Tester (S.C.A.) mean squares were found for all fiber quality traits. Regarding mean performance and heterosis, the varieties Giza 90, Giza 95 and Giza 86 were the best parents in yielding ability and gave high yielding crosses under heat conditions, while Giza 45 and Giza 92 were the good parents to produce the best fiber quality crosses. The results of heterosis also showed that seven crosses had positive and highly significant heterosis based on mid-parents in seed and lint cotton yield /plant and number of bolls/plant i.e., (Giza 80 x Giza 90), (Giza 86 x Giza 90), (Giza 86 x Giza 95), (Giza 87 x Giza 90), (Giza 45 x (Giza 90 x Australian)), and (Giza 92 x Giza 90), while the cross (Giza 92 x Giza 95) had better yield and fiber traits. The line Giza 86 was the best combiner for seed and lint cotton yield/plant, number of bolls/plant and seed index, while lines Giza 45 and Giza 92 were the best combiners for fiber fineness, fiber strength and fiber length. The tester Giza 90 was the best combiner for seed cotton yield/plant and lint cotton yield/plant. Four crosses exhibited positive and significant values of specific combining ability (S.C.A.) effects for seed cotton yield/plant, lint cotton yield/plant, lint percentage and number of bolls/plant. The non-additive of genetic variance was larger than additive genetic variance in all yielding ability traits and additive genetic variance was higher than dominance variance for all fiber quality traits. Broad sense heritability (H b %) was higher than narrow sense heritability (H n %) for all traits and high heritability estimates in narrow sense were found for all fiber traits.
INTRODUCTION
Improvement of yield and fiber properties in Egyptian cotton is one of the focal endeavors of cotton (Gossypium barbadense L.) breeding programs. It is important to assess adaptation and yielding ability of promising genotypes across heat conditions to select the superior and adaptable genotypes. Heat is one of the most important abiotic stresses influencing productivity of cotton worldwide. Cotton is sensitive to heat stress, especially at flowering and boll formation stages and the heat usually cause heavy fruit shedding in the forms of squares, flowers and small bolls. Upper Egypt, one of the measure cotton production areas, is exposed to extreme heat stress usually from June to August, during the peak time of flowering and boll loading, which caused decreasing in lint cotton yield and fiber quality. After global worming now a days, Upper Egypt temperature during summer months approaches about 45 -50 o C and this beyond limit temperature stress severely affect the yielding ability and fiber properties of Egyptian cotton and cause decrease in yield and fiber traits. Therefore, breeding for high yielding ability and fiber properties in Egyptian cotton under heat condition would be beneficial in both current and future climate.
The primary objective of a plant breeding program is to develop new varieties high in yield and fiber quality. The first step in successful breeding program is to select appropriate parents. Line x Tester analysis is carried out to help breeders to design plant breeding strategy for improving many traits in future varieties and hybrids. This systematic approach is used to detect appropriate parents and crosses in terms of investigated traits. This method was applied to improve self and cross-pollinated plants (Kempthorne 1957 ). There have been many studies pointing out that variation in seed cotton yield and its components is governed by additive and non-additive gene action Abd El-Bary et al. (2008) , El-Fesheikawy et al. (2012) and Al-Hibbiny (2015) . General combining ability (G.C.A.) is defined as the performance of a line in series of cross combinations and it is useful for hybridization and selection program. On the other hand, specific combining ability (S.C.A.) is defined as the performance of hybrids in particular combination and it is important for hybrid development (Baloch et al. (2010) .
The objectives of this study were evaluate 23 genotypes of Egyptian cotton (8 parents and 15 hybrids ) under heat conditions of Upper Egypt and determine G.C.A. for parents, S.C.A. for hybrids and gene action before selecting the superior hybrids that can be utilized in breeding programs for yielding ability and fiber quality under heat conditions of Upper Egypt.
MATERIALS AND METHODS
This study was carried out during the two summer seasons of 2016 and 2017 to evaluate 8 cultivated genotypes of Egyptian cotton (G. barbadense L.) and their 15 F 1 crosses for yield components and fiber quality traits under heat conditions of Upper Egypt, Shandaweel Research Station, Sohag governorate. Eight genotypes of Egyptian cotton were selected as parents based on their yield and fiber traits. Three cotton genotypes Giza 90, Giza 95 and (Giza 90 ×Australian) were used as testers which selected for their well adaptation and high yielding ability under heat condition. The five cotton varieties Giza 80, Giza 86, Giza 87, Giza 45 and Giza 92 were used as lines which selected for their high yield or fiber quality and crossed in a Line x Tester mating design at Shandaweel Agricultural Research Experimental Station, A.R.C., during 2016 cotton growing seasons. Eight genotypes and their 15 F 1 hybrids were planted in a randomized complete block design (R.C.B.D.) with three replications in 2017 season. Each plot included one row 4 meters long and 0.7 meter wide. Seeds were sown in hills spaced 25 cm within a row. After full emergence, seedlings were thinned on two plants/hill. Recommended cultural practices were applied for cotton production during the two seasons.
Data were recorded on the following traits: seed cotton yield/plant in grams (S.C.Y./P.), lint yield/plant in grams (L.Y./P.), lint percentage (L.P.%), number of bolls/plant (N.B./P.), seed index in grams (S.I.), lint index in grams (L.I.), fiber fineness in Micronaire reading (M.R.), fiber strength in Pressely index (P.I.), fiber length in 2.5% span length mm (F.L.) and uniformity ratio % (U.R.%). The fiber properties were measured in the laboratories of Cotton Fiber Research Section, Cotton Research Institute according to [A.S.T.M. (1976) D-1448-59, D-1445-60T and D-1447-67] .
Data were analyzed and differences were scrutinized for significance using L.S.D. 0.05 and 0.01 levels. The G.C.A. variance effects of the parents and the S.C.A. variance effects of the hybrids were calculated by the using of the Line x Tester analysis method, according to Kempthorne (1957) and Singh and Chaudhary (1979) .
Heterosis was calculated as the percentage increase of the overall means of the F 1 hybrids over the mid-parent (M.P.) according to the following equations:
The significance of means differences and heterosis were estimated using L.S.D. at 0.05 and 0.01 probability, described by Steel and Torrie (1980) .
RESULTS AND DISCUSSION
The analysis of variance for all the studied traits of the eight parents and their 15 F 1 's crosses are presented in Table 1 . The data pointed out the mean squares of the genotypes, parents, crosses and parents vs. crosses were highly significant for all the studied traits, except lint percentage, which was significant in genotypes and crosses and insignificant in parents and parents vs. crosses, indicating the presence of variability among hybrids and their parents. As a consequence, the analysis of combining ability was possible. The mean squares due to lines (G.C.A.) were highly significant for all the studied traits, except number of bolls/plant, which was significant, while lint percentage and lint index were insignificant. Testers' (G.C.A.) mean squares were significant and highly significant in most studied traits revealing important role of additive type gene effects. Line x Tester (S.C.A.) mean squares was highly significant for seed cotton yield, lint yield, lint percentage and Number of bolls/plant and was significant for seed index and lint index, revealing nonadditive gene effects role as dominant or epistasis. While, insignificant Line x Tester (S.C.A.) mean squares were found for all fiber quality traits, it could be due to that only additive genes were controlling the fiber traits. ElFesheikawy et al. (2012) , Baloch et al. (2014) and AlHibbiny (2015) found that mean squares of G.C.A. of lines and testers and S.C.A. of lines and testers and specific combining ability (S.C.A.) of Lines x Tester interactions were significant and the significance of G.C.A. and S.C.A. variances suggested that both additive and dominant genes were controlling the studied traits.
Eight genotypes of Egyptian cotton and their 15 F 1 's hybrids were evaluated for their yielding ability and fiber quality traits under heat conditions of Upper Egypt, Shandaweel Research Station, Sohag governorate. The mean performances of the eight parents and their 15 F 1 's hybrids for all the studied traits are presented in Table 2 . The results showed that Giza 90 (T 1 ) was the highest yielding parent for seed cotton yield/plant (89.03), also it was the best mean performance for fiber strength (P.I.) (11.03) and uniformity ratio (U.R.%) 90 %. However, the parent (Giza 90 × Australian) (T 3 ) showed the highest values for lint yield, lint percentage, number of bolls/plant and lint index. Generally, the three testers were better than the five lines in yielding traits and uniformity ratio%. It could be due to, the testers (Giza90, Giza95 and Giza 90 x Australian) which were adapted to Middle and Upper Egypt conditions and show the optimum performance under heat condition. (L 1 ) Giza 80 (adapted for Middle Egypt) and (L 2 ) Giza 86 (the highest Egyptian cultivar in yielding ability) were the best lines in yield traits and uniformity ratio %, while (L4) Giza 45 and (L5) Giza 92 (Extra-long varieties) were the best lines in fiber fineness (M.R.), strength (P.I.) and fiber length (F.L.).
Respect to crosses, The results revealed that the cross L 2 x T 2 (Giza 86 x Giza 95) gave the highest means for seed cotton yield/plant (100.33) , lint yield/plant (40.20), lint percentage (40.10 %), and seed index (10.37). In the same time, the results also revealed that the highest mean performances were found for the cross L 3 x T 1 (Giza 87 x Giza90) for number of bolls/plant (35.80) and the cross L 2 x T 1 (Giza 86 x Giza90) was better or comparable with the two parents in all the yield and fiber traits. Moreover, the cross L 1 x T 1 (Giza80 x Giza90) recorded the high value of uniformity ratio % (87.30%). The cross L 4 xT 3 (Giza45 x Giza90 x Australian) recorded the high result in fiber length (34.67). The cross L 5 xT 1 (Giza92 x Giza90) showed the best performance in fiber strength (10.93) and the cross L 5 x T 2 (Giza92 x Giza95) gave the best value in fiber fineness (2.87). Generally, Giza 90 and Giza 86 were the best parents in yield and could be used in breeding programs for improving varieties possessing high yielding potential, while Giza 45 and Giza 92 could be considered as excellent parents to produce new hybrids with high fiber quality under heat conditions. It could be due to Giza-90 cultivar which has been known as the earliest and the most heat tolerant Egyptian cotton cultivar and planting in Upper Egypt and Giza-86 which has the highest yielding ability and planted in North Egypt (Delta), while Giza 45 and Giza 92 are from the best fiber properties cultivars and adapted for North Egypt (Delta). Heterosis based on the mid-parent (M.P.) for yield, yield components and fiber properties are presented in Table 3 .
In general, positive heterosis is considered as desirable for all studied traits, except fiber fineness. Respect to yield traits, the results revealed that 7 promising crosses from the fifteen F 1 crosses showed highly significant and positive heterotic values relative to midparent in seed cotton yield /plant, lint cotton yield /plant and number of bolls/plant. These promising crosses were The observed heterosis values for fiber quality traits were highly significant in the crosses produced from L 4 (Giza 45) with the three testers. Also L 5 (Giza 92) with T 2 (Giza 95) and T 3 (Giza 90 x Australian) recorded highly significant heterosis relative to the mid-parent (M.P.) for fiber fineness (M.R.) (-20.72 and -19 .40 %), fiber strength (P.I.) (4.92 and 5.65 %) and fiber length (F.L.) (4.66 and 6.68 %), respectively. Moreover, L 2 (Giza 86) and L 3 (Giza 87) showed positive and significant or highly significant heterosis in fiber strength (P.I.) with the two testers (Giza 95) and (Giza 90 x Australian). Finally, only two crosses L 2 xT 2 (Giza 86 x Giza 95) and L 3 xT 1 (Giza 87 x Giza 90 ) surpassed the better parent and showed significant or highly significant increases over the better parent, which recorded 14.23 and 10.45% in seed cotton yield /plant, 18.24 and 8.28% in lint yield /plant and 21.59 and 20.34% in number of bolls/plant, respectively. The same trend was obtained by El-Fesheikawy et al. (2012) and AL-Hibbiny (2015) .
Generally, T 1 (Giza 90), T 2 (Giza 95) and L 2 (Giza 86) were the best parents in yielding ability and gave high yielding crosses under heat conditions, while Giza 45 and Giza 92 could be considered as a good parents to produce the best fiber properties crosses. These results indicated the possibility of developing hybrids with high yielding ability and fiber quality traits of Egyptian cotton using line x tester analysis and heterosis results under heat conditions of Upper Egypt. The general combining ability effects (G.C.A.) of the parental genotypes are shown in Table 4 . Positive estimates would indicate that given parent variety is much better than the average of its group involved with it in the top crosses for all studied traits. The results indicated that the line Giza 86 had positive and highly significant or significant (G.C.A.) for seed cotton yield/plant, lint cotton yield/plant, number of bolls/plant and seed index, while significant and positive (undesirable) (G.C.A.) was detected for fiber fineness. Giza 45 had negative (undesirable) and significant or highly significant (G.C.A.) effects for all yield traits. While, Giza 45 and Giza92 had highly significant and negative (desirable) G.C.A. effects for fiber fineness (M.R.) and positive and highly significant (G.C.A.) for fiber strength (P.I.) and fiber length (F.L.). The results of testers showed that, Giza 90 had highly significant and positive G.C.A. effects for seed cotton yield/plant and lint cotton yield/plant. While, Giza 95 had highly significant and positive (G.C.A.) for seed index. (Giza 90 x Australian) showed highly significant and positive G.C.A. effects for number of bolls/plant and fiber length (F.L.), it could be due to, the three testers adapted for Middle and Upper Egypt conditions and gave the optimum performance under heat conditions of Upper Egypt (Sohag Governorate ) . The results of specific combining ability effects (S. C. A.) for all the studied traits are presented in Table 5 . The results cleared that four crosses exhibited positive and significant values of specific combining ability (S.C.A.) effects. The cross L 2 xT 2 had positive and significant or highly significant values of (S.C.A.) effects for seed cotton yield/plant, lint cotton yield/plant, lint percentage and number of bolls/plant, also showed insignificant but desirable S.C.A. effects for all the other traits. The cross L 3 xT 1 showed positive and significant or highly significant values of (S.C.A.) effects for seed cotton yield/plant, lint yield/plant and number of bolls/plant. In addition, L 4 xT 3 showed positive and highly significant values of (S.C.A.) effects for seed cotton yield/plant, lint yield/plant and number of bolls/plant. L 5 xT 2 showed positive and highly significant values of (S.C.A.) effects for seed cotton yield/plant and lint cotton yield/plant and showed insignificant but desirable S.C.A. effects for fiber fineness (M.R.), fiber length (F.L.) and uniformity ratio (U.R.%). These results are in agreement with many studies especially with those reported by Abd El- Bary et al. (2008) , Karademir et al. (2009) and AL-Hibbiny (2015) . The relative contribution of lines (females), testers (males) and Lines x Testers interaction by the magnitude of sum of squares of lines, testers and their interaction relative to the sum of square of crosses are shown in Table 6 . The results revealed that, Lines x Testers interactions were high in magnitude than lines or testers contributions for all yield traits which ranged from 78.80 for number of bolls/plant (N.B./P.) to 40.00% for seed index (S.I.). While, the contributions of lines were higher than those of testers and Line x Tester for all fiber quality traits. The contributions of tester were slightly higher than those of line for seed cotton yield/plant and higher for lint index.
Knowledge of the nature of gene action involved in the expression of various quantitative characters is essential to plant breeders for starting breeding programs. The genetic variance components and heritability in broad and narrow senses for all the studied traits are presented in Table 6 . The results indicated that the non-additive of genetic variance (dominance) was larger than additive genetic variance with respect to all yielding ability traits. These results indicated that non-additive effect play a major role in the expression of these traits, and additive effect had a minor role and the hybridization program would be effective in improvement of the yielding studied traits. While, the additive genetic variance was higher than dominance variance for all fiber quality traits revealing, an additive type of gene action controlled fiber quality traits. Basal et al. (2009) showed that the additive and dominance gene effects were negative or positive and significant for all yielding ability investigated traits, except seed index in populations I and III and lint percentage in pop. III.
After determined the phenotypic, genotypic and additive variances, calculated of heritability in broad and narrow senses showed that broad sense heritability (H b %) estimates were higher than the corresponding values of narrow sense heritability (H n %) for all studied traits. The highest broad sense heritability values were observed in lint cotton yield/plant with values of 96.09 % and the lowest was for lint percentage with value of 53.76%. Narrow sense heritability was 11.33% for lint cotton yield/plant and 22.13% for seed cotton yield/plant indicated that the values of dominance variances were more than additive in these traits. High heritability estimates in narrow sense were found for all fiber traits. It could be due to, the high contributions of additive variance in the genotypic variance (more than 60.09%) for all fiber traits, and additive variance (σ 2 A) was controlling the inheritance of these traits. El-Fesheikawy et al. (2012) noticed that heritability value in broad sense was more than 95% for all the studied traits. All negative values equal zero.
CONCLUSION
The results of parents and crosses performance indicated that, the Middle and Upper Egypt varieties adapted for heat conditions and gave the optimum performance in most yielding ability traits . While the North Egypt varieties were adapted for low heat conditions and showed lowest values in the same traits except Giza 86 but all these varieties were high in fiber quality properties. These results also reflect the important role of choosing the good parent before hybridization and selection for isolate high yielding crosses with good fiber quality characters from Egyptian cotton adapted to Upper Egypt heat conditions. This study isolated some superior crosses in yielding ability and fiber quality which performed well under heat conditions of Upper Egypt and these crosses could be used in breeding for high yielding ability with good fiber quality characters under heat conditions in Egyptian cotton.
